With the rapid development of photovoltaic (PV) industry and vigorous incentive policies in China, the domestic application of PV has had "explosive" growth in recent years. The application in buildings is also worth of attention to find the solution of PV application in buildings and solve the problems emerged today, that is the basis to promote the PV systems as distributed energy. In this paper, the status of PV application in buildings in China is selectively analyzed, based on the relative information of domestic PV projects. Samples of statistical analysis are 1504 PV projects from part of the domestic ones built up during 2009 to the end of 2012, mainly come from "Golden-sun Demonstration Project" and "Photovoltaic Roof Demonstration Project". And the capacity of samples is 6983MW which takes up 87.1% of the nationwide accumulative installed capacity by the end of 2012. The distribution status, installation form with buildings and system performance are statistically analyzed. Meanwhile some problems and suggestions such as the rationality of regional distribution, the building integration forms are discussed and the system performance improvement method are proposed. It is expected to make some contribution to the application of PV in buildings in the future in China.
Introduction
Confronted with global energy safety and the increasing severe situation of climate changes, renewable energy has been received unprecedented attention by most countries in the world, and its strategic position has been improving constantly. Solar energy as a kind of renewable energy is richest resources and widest distribution on the earth. Photovoltaic(PV), with the progress of technology and decrease of cost, has been universally acknowledged as one of the most promising renewable energy technologies that can be massively developed and utilized as a kind of solar power generation. PV has become one of the vital alternative energy sources in some countries and regions, and it has been put into application in a large scale such as in Germany, Spain and other countries. In 2012, 31GW was newly installed in the world, and the accumulative installed capacity has broken 100GW [1] .
In China, in recent years, PV industry has presented rapid development. On the one hand, with the mobilization of international PV market, Chinese PV manufacturing industry has been developing rapidly. It has formed a relatively complete industry chain from silicon material, device, production equipment to system integration; the conversion efficiency of PV cell has been constantly improving, and the manufacturing capacity has been quickly expanding [2, 3] . Though China has suffered from European and American "anti-dumping and anti-subsidy" taxation and other unfavorable elements in recent years, the annual output of Chinese PV cell is still increasing. In 2012, the annual output has exceeded 21GW which takes up 54% of global PV cell market shares, and the module output reaches 23GW, with 9.5% of year-on-year growth which takes up 63% of global shares. The average growth rate per annum has exceeded 100%, and has been ranking the 1st in the world for at least 5 years in a row [4] . This paper collected relevant information of domestic PV projects built up in recent years, and selectively analyzed the application status of domestic PV in buildings. It is expected to make some contribution to the application of China's PV in building in the future.
General status
In recent years, the domestic application of PV has also had "explosive" growth in China [5] . To the end of 2012, annual installed capacity has reached 4.5 GW with 66.7% of year-on-year growth, and the accumulative installed capacity reached 8.02 GW. Through fiscal subsidies, the government carried out "Golden-sun Demonstration Project", "PV Roof Demonstration Project" and "Feed-in Tariff with Distributed PV System Project" [6] and so on. With the boost of large-scale PV power stations, the distributed PV system is also encouraged by the authority, and the combination of PV with buildings has obtained further application. PV systems have been widely used in yurt in remote non-electrified areas, airport and railway station, and various other kinds of industrial and civil buildings in China.
Sample selection
In this study, the sample primarily consists of 1504 PV power generation projects information collected from 2009 to the end of 2012, with a total installed capacity of 6983MW, accounting for 87.1% of the country's total installed capacity by the end of 2012, which include central and local government-funded "Golden-sun Demonstration Project", "PV Roof Demonstration Project", "Feed-in Tariff with Distributed PV System Project" and other projects implemented during this period. Project information include project name, owners, area, installed capacity, the year for implementation and so on. Among them, 1369 items are associated with PV application in buildings, and of which, 608 items with more detailed project information are split to further analyse. At the same time, the operation situation of 60 items were investigated around the country. The relationship of the sample subsets is shown in Fig. 1 .
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Note: 1504 items, refer to collected PV projects built from 2009 to the end of 2012, include various types of application; 1369 items, refer to PV projects applied in buildings; 608 items, refer to collected information of the projects is more detailed, it extra includes the information of electric circuits, PV module types, installing positions and so on; and 60 items, refer to these projects have relatively complete operating records. 
. The proportion of PV application in Buildings
Based on the statistical data, it shows that 1369 items involve PV application in buildings, and the installed capacity reaches to 4656MW, accounting for 67.7% of the sample size, the remaining applications, include largescale ground power stations or independent power station in remote areas without electricity, as well as agriculture greenhouses, road traffic landscape and other facility, the proportional relationship is shown in Fig. 2 . 
Geographical distribution
According to statistics data of different provinces, the distribution of PV application in buildings mainly is affected by regional economic and PV industry. Application of the provinces is shown in Fig. 3 , the installed capacity in Jiangsu province is outstanding and it reached to 599MWp, accounting for 12.87% of the total; then, Shandong and Guangdong province are following, accounting for 8.65% and 8.38% respectively. However, the Qinghai (18.8MWp, 0.4%), Tibet (3.1MWp, 0.07%) and other provinces which have great sunshine condition, but the application status are not ideal. Obviously, it is consistent with the development of PV industry and local economic conditions. According to the solar energy resources of different five regions in China, as show in Table 1 , the application is not prominent In Region I and Region II where the sunshine condition is better. The proportion of Region I is only about 1%, while the application mainly concentrated in Region III (47%) and Region IV (A) (41%), as shown in Fig.  4 . The distribution of application is extremely inconsonant with the distribution of solar energy resources. 
Size of projects
Contrasting the three figures in fig 5( the scale of y-axis in the three figures is different), it can be found that, in industrial buildings, the installed capacity of a single project is larger, generally the size can reach 1MWp ~ 5MWp, even more than 20MWp for the biggest one, as shown in Fig. 5(a) ; while in commercial buildings, the installed capacity of a single project is generally lower than 2MWp, most around 0.3MWp, as shown in Fig. 5(b) ; and in residential buildings, the installed capacity of a single project is generally lower than 1MWp, as shown in Fig. 5(c) . The differences among the three kinds of buildings may be related to the installation space and the demand for electricity consumption. 
Building integration

Building types
Among all the PV application in different types of buildings, it is mainly composed of industry buildings, the proportion is 75.8% (3528MWp). It should be noted that these buildings included plants, factory office buildings, workers dormitories, and other kinds of buildings in factories. Two types of civil buildings, residential and commercial buildings, totally account for 23.9%, and the commercial buildings are about 20%, while the residential buildings are only about 3.9%; military buildings which are mainly outposts and barracks, account for about 0.3%. The proportional relationship is shown in Fig. 6 . (1) In industrial buildings, PV systems are mainly installed on plants, the installed capacity was 3042MWp, it accounts for 86.2% of PV industrial buildings and 65.3% in all kinds of PV buildings, while the proportion is only 7.2% in factory office buildings and 4.9% in workers dormitories, the others included warehouses and staff recreation buildings and so on, as shown in Fig. 7 . (2) In commercial buildings, because of the complexity of functions, they were classified as shown in Table 2 , the proportion is more intuitively shown in Fig. 8 .
In recent years, great government financial support (mainly is grant-in-aid) had been invested in Government and institution buildings, such as government office buildings, research institutes and various of schools in the demonstration projects, so the proportion of these buildings is relatively high, being about 57.1% in PV commercial buildings, especially in research institutes and schools, the percentage is as high as 34.2%, accounting for more than half. It should be noted that the school buildings included teaching buildings, student dormitories, laboratories, libraries and other kinds of buildings in schools or universities. The municipal buildings included urban sewage plants, garbage disposal, and oil/gas supply stations and so on. Because venues for cultural, sports and exhibition have a common feature, viz. large area of roofs, so this type of buildings are classified as a group, and the proportion is around 9%. In transport station buildings, such as airport terminals railway stations and coach stations, the application of PV is relatively common, especially those newly built ones, Building Integrated Photovoltaic (BIPV) are widely adopted, so the percentage is 5.6%. Buildings for logistics and fairs are independent from retail & service buildings, mainly because there are some differences such as they are generally located in the suburb, and have large-span steel roof. The proportion of these buildings is also about 16%. (3) In residential buildings, the proportion of PV systems application is not high, it is only 183.6MW, analysing the reason may be the restriction on installation space and initial cost. According to the size of the PV systems in residential buildings, they can be divided into two types: household systems (a single family with a self-contained system unit, generally the capacity is less than 5 kWp) and centralized systems (relative to the former ones), the proportion is shown in Fig. 9 . In this study, household systems are almost used in remote areas or rural areas without electricity, while the centralized systems are generally used in towns and cities with the form of roof renting. 
Attached or integrated
According to the results of the data analysis, at present, Building Attached Photovoltaic (BAPV) accounts for the vast majority in domestic, the proportion is as high as 87.69%, as shown in Fig. 10 . In industrial buildings, PV modules are mainly installed on plant roofs by clamping pieces, thus the proportion of BIPV application in industrial buildings is only 7.32%; while the proportion of BIPV in commercial buildings and residential buildings is relatively high, accounting for 29.22% and 22.7% respectively. 
Installation types
Based on information of the 608 items (refer to BAPV and BIPV), the installation places of PV modules are recorded. it can be seen that most of the PV modules had been installed on the building roofs, which accounts for about 90% in industrial buildings and residential buildings; compared with them, the proportion in commercial buildings is slightly higher; and in residential buildings, the proportion of the PV modules installed at other parts is about 6.7%, such as installed on the balcony railings, awnings and so on, while it is fewer on facades, as shown in Fig. 11 . 
System performance 4.3.1. PV cell types
(1) Crystalline silicon (c-Si) and amorphous silicon (a-Si) Based on the 608 samples, it shows that, in buildings, the application of a-Si accounts for 11.5% overall, but on the PV facades, the proportion is as high as 82.7%, because of the characteristic "great performance under low illumination", "onefold color", as well as "semi-transparent" etc.; while on the roof, the application of c-Si is more common, just a small amount of a-Si is mainly used in skylights and other parts, as shown in Fig. 12 . (2) Polycrystalline silicon (poly-Si) and monocrystalline silicon (mono-Si) In records of the projects (1321.2MWp) distinguishing the kinds of c-Si used, the proportion of poly-Si is 73.1%, the other is mono-Si. Due to differences in the initial cost and payback time, currently poly-Si are more popular relatively.
System forms
In the 1369 PV projects applied in buildings, mainly, grid-connected systems are used in 1327(96.9%) projects; off-grid systems are mainly used in household projects in Tibet, Qinghai provinces and other remote areas, and the installed capacity of a single system is small, usually about 500Wp ~ 5000Wp.
System efficiency
The operating records of 60 PV systems among these projects was selected and the efficiency was tested, the results are as follows:
The efficiency of the 19 mono-Si PV systems is about 13%, but with different systems the efficiency are quite different, individual projects are even lower than 8%; the operating efficiency of the 30 mono-Si PV systems approximately distributed in 8%~10%; The operating efficiency of the 11 a-Si PV systems is roughly 6%, of which the lowest is only 1.2%. The details are as shown in Fig. 13 . 
Problems and suggestions
Combining with the above analysis, the problems are obvious, and the corresponding suggestions are given: (1) At present, the PV building applications situation is not ideal in the areas with better solar resources. So enhanced policy instruments need to further promote the development of PV building applications in such regions, while make full use of the local resource conditions to improve the economics of PV systems to reduce the local building conventional energy consumption.
(2) PV systems in residential buildings and commercial buildings still have a larger application space. Especially for residential buildings, appropriate measures can be taken to further promote PV applications in residential buildings, so that it could be as common as solar thermal utilization in urban and rural areas in the future.
(3) Now BAPV is still prevalent, and the BIPV application level is still low. Measures should be taken to try to increase the utilization of additional benefit generated by BIPV systems, which can not only improve electricity generating efficience, but also be part of the buildings to save building envelope materials, and make buildings look more attractive, in addition, it can achieve the function of thermal insulation, ventilation and so on to reduce building heating and cooling load, thereby contribute to building energy saving.
(4) During design process, comprehensive consideration should be given to the characteristics of various types of PV modules in order to achieve a more rational interaction form of PV systems and buildings, and then the efficiency of PV modules can be fully exploited; and during the operating period, the follow-up management and maintenance cannot be ignored which can impact on system efficiency such as dust, damage and aging so on.
Conclusion
Through the above analysis, the status of PV application in building in China can be generally obtained, conclusions are as follows:
(1) From the point of geographic, the region of PV application in buildings and the region of solar energy resources distribution is extremely imbalance, the application is mainly concentrated in Region III (47%) and Region IV (A) (41%). Solar resources have not been put to great use. More attention should be given to the development of those areas with great solar radiation areas in the future.
(2) From the point of building types, the application is mainly concentrated in industry buildings (75.8%). There is still a large space for PV application in residential buildings and commercial buildings. Especially in residential buildings, this is the key point of implementing PV application in buildings.
(3) From the point of installing types, the application is mainly concentrated in BAPV (87.69%). The BIPV application is still insufficient, the additional benefit of BIPV should be pay more attention in the future.
(4) And from the point of actual operation efficiency, the levels are lower than the values of desired with different kinds of photovoltaic modules. It is expected to improve the operational efficiency via maximize optimize system design, operation and management.
Thus, it is expected to be as a reference for the future development of China's PV applications in building.
